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instar larvae was also considered.
The different protein content of the ﬂours did not signiﬁcantly affect the development of
E. kuehniella, nor did it affect the ability of the ﬂours to attract larvae. In tests with soft wheat ﬂours
with the same nutritional value but different particle size, the highest mean number of adults and the
shortest developmental period were recorded on samples with greatest particle size (250–419 mm).
In order to test the attractiveness of soft wheat ﬂour to larvae, a one-way olfactometer was used.
There were no signiﬁcant differences observed in the number of ﬁrst and third instar larvae found on
ﬂours with different protein composition and particle size. Larvae of this species show limited mobility,
in fact few individuals of either instar can reach the ﬂour from a distance of 2m. No larvae of either
instar contacted the different substrata from a distance of 2.5m.
& 2008 Elsevier Ltd. All rights reserved.1. Introduction
Ephestia kuehniella Zeller is a cosmopolitan pest of cereals,
their by-products, and of nuts and legumes (Candura, 1928). In the
temperate zone it is a widespread pest of mills where it can
develop both on grain and ﬂour.
First instar larvae of E. kuehniella eat only the embryo of whole
kernels, as it is particularly tender and rich in proteins, while
larvae of the later instars also attack the pericarp (Fraenkel
and Blewett, 1943a; Rathore et al., 1980). The development of
larvae is faster on ground kernels (Kunike, 1938). This has also
been observed for Plodia interpunctella (Hu¨bner), Cadra cautella
(Walker) (Lecato, 1976), and Corcyra cephalonica (Stainton)
(Sharma et al., 1978; Osman, 1986; Mbata, 1989).
Ephestia kuehniella has fewer nutritional needs compared with
other pyralids, as it can also develop on reﬁned ﬂours (Jacob and
Cox, 1977; Stein and Parra, 1987). This species needs a diet rich in
carbohydrates (Fraenkel and Blewett, 1943b), and it was observed
that a diet with ﬂours deprived of protein fractions (gliadins,
albumins, and globulins) retards the development of the insect
and increases mortality in pupae (Nawrot et al., 1985).
Wheat ﬂours present different particle sizes according to the
physical characteristics of the grain (hardness, vitreosity) andll rights reserved.
: +390250316748.
).milling extraction rate; therefore, the effect of particle size on the
development of the moth and on the attractiveness of ﬂours to
larvae was studied.2. Materials and methods
Laboratory cultures of the moth E. kuehniella maintained in a
rearing room at 2671 1C and 7075% relative humidity (r.h.), were
used for these experiments.
In test 1, two groups of soft wheat ﬂours, A and B, marketed in
Italy, were tested. Three different percentage distributions of the
particle sizes were considered for each group of ﬂour (A1, A2, A3,
B1, B2, B3) (Table 1).
In test 2, a ﬂour, deriving from a single grinding process,
corresponding to the extraction of the inner endosperm, com-
posed only of starchy endosperm, and therefore characterized by
relatively homogeneous composition, was sieved into nine
particle size classes.
The tests were carried out by placing 50 g of ﬂour in each of
several polystyrene containers (diameter 120mm, height 65mm).
A small plate containing 100 eggs of E. kuehniella was placed in
the middle of each container. The containers, closed with gauze
(120 mesh) to provide ventilation were placed in an incubator at
2671 1C, 7075% r.h. and 16h of light alternating with 8h of
darkness. After 5 days, the unhatched eggs were counted with a
binocular microscope. After a 20-day period, ﬁrst generation
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Table 1
Composition of soft wheat ﬂour and percentage distribution by particle size
Floursa Composition % Distribution by particle size (mm)
Carbohydrates Proteins Other Moisture 4159 158–142 141–124 123–116 115–106 o105
A1 72.8 12.3 2.6 12.3 98.8 0.6 0.3 0.2 0.1 0
A2 73.1 12.1 2.3 12.5 9 75 12 2 1 1
A3 73.2 11.7 2.5 12.6 2 23 32 17 14 12
B1 70.1 14.3 2.4 13.2 98.3 1.3 0.2 0.1 0.1 0
B2 70.4 14.1 2.3 13.2 6 71 16 3 2 2
B3 70.6 14.2 2.5 12.7 1 8 17 29 21 24
B: soft wheat: 80% Manitoba (Canada), 10% North Spring (USA), 10% Kazaco (Kazachistan).
Particle size: 1: greater; 2: intermediate; 3: smaller.
a A: soft wheat Misto Rosso (100%) (Italy).
Table 2
Mean number (7SE) of Ephestia kuehniella adults originating from 100 eggs, mean
developmental period (7SE) and susceptibility index observed on softwheat ﬂour
Aa with different particle size
Flour Mean number of
adults
Mean developmental
period
Susceptibility
index
A1b 78.570.9a 42.270.4c 4.5070.05a
A2 68.071.9b 49.870.5b 3.7070.05b
A3 66.271.7b 59.770.3a 3.0570.03c
Means followed by different letter in a column are signiﬁcantly different (Po0.05,
Duncan’s multiple range test).
a Soft wheat Misto Rosso (100%) (Italy).
b Particle size: 1: greater; 2: intermediate; 3: smaller.
Table 3
Mean number (7S.E.) of Ephestia kuehniella adults, mean developmental period
(7S.E.) observed on softwheat ﬂour Ba with different particle size
Flour Mean number of
adults
Mean developmental
period
Susceptibility
index
B1b 78.770.9a 41.870.2c 4.5270.02a
B2 64.770.8b 51.070.5b 3.5770.04b
B3 62.072.0b 60.570.8a 2.9370.06c
Means followed by different letter in a column are signiﬁcantly different (Po0.05,
Duncan’s multiple range test).
a Soft wheat: 80% Manitoba (Canada), 10% North Spring (USA), 10% Kazaco
(Kazachistan).
b Particle size: 1: greater; 2: intermediate; 3: smaller.
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the ﬁrst adult emergence.
Adult emergence data were corrected for variations in
percentage hatch of eggs in order to compare results of the
six replicates on the different ﬂours. The data were based on
100-hatched eggs. The developmental period was counted from
the time the eggs were laid to the time when 50% of the total
adults emerged. Based on the percentage of adult emergence and
on the period of development, the susceptibility index (Dobie,
1974) was determined according to the method of Howe (1971).
The index is calculated as (loge y)/t; where y is the number of
progeny produced and t the duration of development.
Data from tests 1 and 2 were analyzed using Duncan’s multiple
range test (SPSS 10.0 per Windows).
In test 3, the attractiveness of soft wheat ﬂours to larvae was
evaluated using polypropylene one-way olfactometers placed in a
room at 2671 1C, 7075% r.h. and 16h of light alternating with 8h
of darkness. Each olfactometer (thickness 30 mm; diameter 19 cm;
length variable from 1 to 2.5m) had 30% of its surface as a net-
covered opening to allow gas exchange and the two ends of the
olfactometer were covered with a net to insert insects and food
substrates (Locatelli and Limonta, 2004). Flours A1, A3, B1, and B3,
were tested. Newly hatched larvae were obtained from 100 eggs
24 to 48h old. At the test conditions, eggs hatch in 5–6 days. Eggs
were placed on a small disk (diameter 4 cm) of black paper at one
end of the olfactometer, while at the other end 50g of soft wheat
ﬂour were placed on another small disk of black paper. After 10
days, the soft wheat ﬂour was placed in polystyrene containers
under the same conditions as the test; ﬁrst instar larvae that
reached the soft wheat ﬂour were counted after 7 days. Tests with
third instar larvae were carried out with the same method; for
each test groups of 20 larvae, previously starved for 48h, were
used. Third instar larvae that reached the soft wheat ﬂour were
counted after 4 days.
Four replicates were carried out for each soft wheat ﬂour and
control (without food). In the control the soft wheat ﬂour was
substituted by glued paper, in order to catch larvae. Data were
expressed as the percentage of larvae reaching the food (or paper)
and, before statistical analysis, an arcsine transformation was
applied.
Data were submitted to ANOVA and Dunnett’s test (SPSS 10.0
for Windows).3. Results
3.1. Test 1: effect of protein content and of particle size
In Tables 2 and 3, the results of the effect of protein content
and of particle size of the soft wheat ﬂours on the development ofE. kuehniella are reported. A higher mean number of adults
(78.570.9; 78.770.9) and a shorter developmental period
(42.270.4; 41.870.2) were recorded with the two soft wheat
ﬂours with greater particle size (A1 and B1). Soft wheat ﬂours of
intermediate (A2, B2) and smaller (A3, B3) particle size produced
a similar mean number of adults, but the mean developmental
period (59.770.3; 60.570.8) was longer and the susceptibility
indices (Tables 2 and 3) were lower (3.0570.03; 2.9370.06) on
soft wheat ﬂours with smaller particle size. Soft wheat ﬂour B,
characterized by a higher protein content, yielded a susceptibility
index (Table 3) similar to that for soft wheat ﬂour A.3.2. Test 2: effect of particle size
In tests with soft wheat ﬂours of the same composition but
different particle sizes (Table 4), higher mean numbers of adults
were recorded on soft wheat ﬂours 1, 2 and 3 (78.771; 7971;
78.271) with greater particle size (250–419mm), while the lowest
mean number of adults (25.771.3), the longest developmental
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Table 4
Mean number (7SE) of Ephestia kuehniella adults, mean developmental period (7SE) and susceptibility index (7SE) observed on soft wheat ﬂour with different ranges of
particle size
Soft wheat ﬂoura Particle size (mm) Mean number of adults Mean developmental period Susceptibility index
1 419–350 78.771.0a 39.070.3h 4.8570.04a
2 349–290 79.071.0a 39.770.2gh 4.7870.04a
3 289–250 78.271.0a 41.570.2g 4.5870.03b
4 249–159 60.770.7b 59.070.3f 3.0270.02c
5 158–142 53.371.7c 68.370.5e 2.5270.04d
6 141–124 42.771.2d 75.270.8d 2.1770.03e
7 123–116 34.371.3e 78.271.3c 1.9570.04f
8 115–106 31.571.1e 86.071.1b 1.7370.02g
9 105–63 25.771.3f 94.871.4a 1.5070.03h
Means followed by different letter in a column are signiﬁcantly different (Po0.05, Duncan’s multiple range test).
a Composition: carbohydrates: 72.3; proteins: 12.3; other: 2.5; moisture: 12.9. Soft wheat Misto Rosso (100%) (Italy).
Table 5
Mean number (7S.E.) of ﬁrst instar larvae, derived from 100 eggs, present in soft
wheat ﬂour A1 and A3 placed at varying distance
Soft wheat ﬂour Distance (m)
1 2 2.5
A1b 13.370.6 1.570.5 0
A3 14.570.6 1.370.5 0
Control 1.370.8 0.070.0 0
Dunnett’s test Mean difference
A1-Control 0.29a 0.19a
A3-Control 0.31a 0.09a
Particle size 1: greater; 3:smaller.
a The mean difference is signiﬁcant at the 0.05 level (Dunnett’s test).
b A: soft wheat Misto Rosso (100%) (Italy).
Table 6
Mean number (7S.E.) of ﬁrst instar larvae, derived from 100 eggs, present in soft
wheat ﬂour B1 and B3 placed at varying distance
Soft wheat ﬂour Distance (m)
1 2 2.5
B1b 13.870.9 1.370.5 0
B3 14.370.5 1.870.3 0
Control 1.370.8 0.070.0 0
Dunnett’s test Mean difference
B1-Control 0.3a 0.09a
B3-Control 0.3a 0.13a
Particle size 1: greater; 3:smaller.
a The mean difference is signiﬁcant at the 0.05 level (Dunnett’s test).
b B: soft wheat blend: 80% Manitoba (Canada), 10% North Spring (USA), 10%
Kazaco (Kazachistan).
Table 7
Mean percentage (7S.E.) of third instar larvae present in soft wheat ﬂours A1 and
A3 placed at varying distance
Soft wheat ﬂour Distance (m)
1 2 2.5
A1b 25.077.1 1.2572.5 0
A3 28.776.3 2.572.9 0
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were recorded on soft wheat ﬂour 9, characterized by the smallest
particle size (63–105mm). The mean developmental period
increased when the particle size of ﬂour decreased. The highest
susceptibility indices were observed on soft wheat ﬂour classes 1
(4.8570.04) and 2 (4.7870.04) characterized by greater particle
size and susceptibility indices decreased with diminishing
particle size.Control 574.1 0.070.0 0
Dunnett’s test Mean difference
A1-Control 0.32a 0.05 ns
A3-Control 0.37a 0.11ns
Particle size 1: greater; 3:smaller.
ns: The mean difference is not signiﬁcant (Dunnett’s test).
a The mean difference is signiﬁcant at the 0.05 level.
b A: soft wheat Misto Rosso (100%) (Italy).3.3. Test 3: attractiveness of ﬂours
In tests with a one-way olfactometer (Tables 5–8), no
signiﬁcant differences were observed among the mean numbers
or mean percentages of ﬁrst and third instar larvae attracted by
soft wheat ﬂours with different protein composition and different
particle size. The mean number of ﬁrst instar larvae that reached
soft wheat ﬂours A and B from a distance of 1m varied from 13.3
to 14.5 out of 100, while it varied from 1.3 to 1.8 from a distance of
2m (Tables 5 and 6). A signiﬁcant difference between different
types of ﬂour and the control was observed at a distance of 1 and
2m for ﬁrst instar larvae.
A higher mean percentage (36.2%) of third instar larvae,
compared to ﬁrst instar larvae (25.0%), reached soft wheat ﬂours
from a distance of 1m (Tables 7 and 8). In the case of third instar
larvae a signiﬁcant difference was observed between the different
types of ﬂour and the control at 1m distance. A high variability
among the individuals was observed in the test at 2m distance
(S.E. 2.5–2.9).
No larvae of either instar could reach the soft wheat ﬂours
from a distance of 2.5m.4. Discussion
The different protein content of the two groups of soft
wheat ﬂours did not signiﬁcantly inﬂuence the development of
E. kuehniella nor the ability of the two groups of substrata to
attract ﬁrst and third instar larvae.
This pest, when reared on durumwheat ﬂour, characterized by a
higher protein content compared to soft wheat ﬂour, produced
more progeny with a shorter mean developmental period.
Trematerra et al. (1984) observed mean developmental times at
25 1C from 42.8 to 59.8 days in soft wheat ﬂours and from 40.3 to
42.1 days in durum wheat ﬂours; the variation in each group was
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Table 8
Mean percentage (7S.E.) of third instar larvae present in soft wheat ﬂours B1 and
B3 placed at varying distance
Soft wheat ﬂour Distance (m)
1 2 2.5
B1b 30.079.1 2.572.9 0
B3 36.277.5 1.2572.5 0
Control 574.1 0.070.0 0
Dunnett’s test Mean difference
B1–Control 0.38a 0.11ns
B3-Control 0.45a 0.05 ns
Particle size 1: greater; 3:smaller.
ns: The mean difference is not signiﬁcant (Dunnett’s test).
a The mean difference is signiﬁcant at the 0.05 level.
b B: soft wheat blend: 80% Manitoba (Canada), 10% North Spring (USA), 10%
Kazaco (Kazachistan).
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development of E. kuehniella as they provide a higher quantity of
water-soluble and liposoluble vitamins, essential for the synthesis
of essential coenzymes (Fraenkel and Blewett, 1943c, 1946; More`re,
1971). In these papers, the particle size of ﬂours was not
considered. The results of this research show that the particle size
of soft wheat ﬂours inﬂuences both the percentage of adults
emerging and the mean developmental time of E. kuehniella. This is
conﬁrmed by the results of tests with soft wheat ﬂours character-
ized by the same nutritional composition but different particle size.
The mean number of adults decreases and the developmental
period increases when the particle size of soft wheat ﬂours is
smaller; the highest mean number of adults and the shortest
developmental period were observed with soft wheat ﬂours with a
particle size greater than 249mm. In a volume, decreasing particle
size reduces interstitial space, and therefore, the diffusion of gases
decreases. It was observed that in cereals, treated with modiﬁed
atmospheres, a large amount of dust negatively inﬂuences the
diffusion of gases (MAFF, 1983; Su¨ss et al., 1988). Flours
characterized by a smaller particle size could show low rates of
diffusion of air (due to restricted interstitial space), and therefore,
reduce the amount of available oxygen, slowing insect develop-
ment. Besides, larger particles improve the ability of larvae to tie
pieces together with silk and provide a better habitat.
Larvae of E. kuehniella showed limited mobility, only a few
individuals of either ﬁrst or third instars reaching soft wheat
ﬂours from a distance of 2m. Ephestia kuehniella typically lays
eggs close to or on the surface of ﬂours (Ozer, 1953; Kamel and
Hassanein, 1965). Third instar larvae, compared to ﬁrst instar
ones, are more prepared to search for food over short distances
(1m). Likewise third instar larvae of P. interpunctella showed
greater mobility compared to ﬁrst instar ones (Locatelli and
Limonta, 2004). This moth, unlike E. kuehniella, is able to cover
long distances in order to ﬁnd food: it was observed that 35% of
third instar larvae were attracted by an artiﬁcial diet from a
distance of 5m.Acknowledgments
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